Objective: Dietary nutrients may play a significant role in depressive disorders. However, sufficient evidences in epidemiological studies are limited. We investigated the cross-sectional association between dietary nutrients and the prevalence of depressive disorder in Korean adults using representative Korean data. Methods: Participants were 2,938 adults aged 19~64 years from the Korea National Health and Nutrition Examination Survey (KNHANES) conducted in 2014. Dietary intakes were assessed using 24-h recall method. Depressive disorder was assessed using Patients Health Questionnaire-9 (PHQ-9, self-depression test) as applied in 2014 KNHANES only. We defined depressive disorder as having a PHQ-9 score of ≥ 10, which was characterized as moderate depression and more. A multivariate logistic regression analysis was performed to estimate the adjusted odd ratios (ORs) and 95% confidence interval (CIs) of depressive disorder. Results: Among the 2,938 subjects, 170 were identified as having depressive disorder. The multivariate-adjusted regression analysis demonstrated that the risk of depression was significantly associated with riboflavin (OR = 0.44, 95% CI: 0.24-0.85, p for trend = 0.018), thiamin (OR = 0.48, 95% CI: 0.23-0.99, p for trend = 0.045), and vitamin C (OR = 0.57, 95% CI: 0.34-0.95, p for trend = 0.025) in the highest versus lowest tertiles of intake. Conclusion: The high consumption of riboflavin, thiamin, and vitamin C was associated with the low prevalence of depressive disorder in Korean adults.
Introduction
Depression is a disease burden categorized as a common mental disorder worldwide. The World Health Organization estimated 300 million people to have depressive symptoms regardless of ages. 1 Complex causes of depressive disorder include biological, heredity, environmental, and physical factors. 2 Recently, the importance of dietary information on mental health is also highlighted as a critical topic, however, few scientific works have concentrated on dietary nutrient intakes and depressive disorder. Several assumptions exist on the association between dietary nutrient intakes and prevalence of depressive disorder. In a recent review, dietary nutrient intakes, including riboflavin, and thiamin were suggested to be involved in some coenzymes of the brain activity and neurotransmitters, which are types of monoamines, that regulate mood and are more likely to be synthesized from enzyme activation. 3 In other words, riboflavin, iron, and homocysteine in methylation are required for the synthesis of serotonin, catecholamine, and monoamine neurotransmitters. These mechanisms suggest a link between nutrient intakes and depressive disorder. 4 Few emerging pieces of evidence revealed that the dietary nutrients are associated with a depressive disorder in epidemiological studies. Several cross-sectional studies showed an association between insufficient intake of dietary riboflavin and depressive disorder. In the Japanese population, riboflavin intake and depressive symptoms are inversely related in girls, with no association in boys. 5 Another Japanese study showed an inverse association between consumption of riboflavin and postpartum depression in women. 6 Some studies showed that the thiamin supplement improves mood even in individuals who were well nourished before the supplement. 7, 8 In randomized controlled trials, after 6 weeks, symptoms of depression improved after supplementation of adjuvant thiamin compared to that after supplementation of the placebo. 9 In China, deficiency of thiamin was associated with a high prevalence of depressive symptoms in elderly people. 10 Vitamin C deficiencies in older women are also associated with symptoms of depression. 11 A recent randomized controlled trial, reported that vitamin C may be an effective adjuvant agent for treating a major depressive disorder in pediatric patients. 12 A cross-sectional study conducted among 1,634 older Japanese reported an inverse association between dietary intakes of vitamin C and depressive symptoms only in overweight women. 13 There have been few studies conducted to examine the association between nutrient intakes and depression in Korea.
14,15 Therefore, we investigated the association between dietary nutrients and depressive disorder among Korean adults using data from the Korea National Health and Nutrition Examination Survey (KNHANES), which is a nationally representative survey data.
Methods

Study population
The KNHANES is a nationally representative and reliable study that collected socio-demographic characteristics, health behaviors, health status, and nutrition information of Korean population. The sample of KNHANES was selected by multistage, stratified, cluster-sampling design with proportional distributions based on the National Census Registry. In this study, we used the KNHANES data collected in 2014, which was recently opened (http://knhanes.cdc.go.kr), because PHQ-9 (Patients Health Questionnaire-9) was applied in 2014 KNHANES only.
In the 2014 KNHANES, 7,550 individuals participated, and 3,160 individuals aged under < 19 and > 65 years were not included. Then, we excluded 634 subjects who had unrealistic energy intake (< 500 or > 5,000 kcal/day), 587 subjects who did not complete information of PHQ-9, and 229 subjects who did not have data of potential confounding factors such as income, education, stress, and chronic disease. Finally, a total of 2,938 adults had complete information for analysis. All the subjects provided informed consent.
This study was conducted under the Ethical Principles for Medical Research Involving Human Subjects by the Helsinki Declaration. No requirement of Institutional Review Board (IRB) in this study, since KNHANES data were publicly available online. The Institutional Review Board of Korea Centers for Disease Control and Prevention opened the approval number to the public, 2013-12EXP-03-5C.
Definition of depressive disorder
Depressive disorder was measured in each individual using the self-reported scale, the Patient Health Questionnaire 9-item scale (PHQ-9). This tool was validated as an appropriate diagnostic method for depressive disorder in Korea 16 and in Western and Asian countries. Several studies have used PHQ-9 for assessing depressive disorder. 17, 18 The PHQ-9 consists of the following nine 17 We defined depressive disorder as having a PHQ-9 score of ≥ 10 based on the Korean study 15 , similar to the other previous studies reported from other countries. 17, 18 Nutrients intakes and covariates Nutrients were assessed using a one-day 24-h recall, and nutrients were energy intake, carbohydrate, protein, 416 / Nutrient intakes and depression in Korean adults fat, fiber, calcium, phosphorus, iron, sodium, potassium, vitamin A, carotene, retinol, thiamin, riboflavin, niacin and vitamin C. A total of 2,938 Korean adults were categorized into tertiles for each nutrient.
We considered sex, age, income status (household's monthly income), education, physical activity, smoking status, alcohol consumption, menopause (female only), stress level, sleep duration, body mass index (BMI), having chronic diseases, and total energy intake as potential confounding factors. According to income, subjects were divided into the following five groups: < 1,000,000 won, 1,000,000~2,000,000 won, 2,000,000~3,000,000 won, 3,000,000~4,000,000 won, and ≥ 4,000,000 won). Educational level was divided into four groups: those who finished elementary school, middle school, high school, and college or higher degrees. We divided physical activity into two categories: "sedentary" or "active". Based on smoking status, the subjects were categorized into three groups: non-smoker, current smoker, and past-smoker. Regarding the degree of alcohol consumption, they were divided into non-drinker, mild drinker and heavy drinker. Heavy drinker was defined as subjects having a drink twice or more per week and having at least 7 drinks per occasion for men or five 5 drinks per occasion for women. Other drinkers besides heavy drinkers were defined as mild drinkers. Based on stress levels, subjects were categorized into four groups: extreme, moderate, low, and none. We adjusted for stress 19 , and sleep disturbance 20 , which were reported as risk factors for depressive disorder. Unfortunately, KNHANES does not have a questionnaire about sleep disturbance, we used categorized sleep duration instead (≤ 5 hour, 6 hour, 7 hour, and ≥ 8 hour). The health examination part of KNHANES, body weight and height are measured to 0.1 kg and 0.1 cm, respectively, for each individual dressed in light clothing without footwear. As the standard of BMI for obesity in Centers for Disease Control and Prevention (CDC) of Korea, subjects were categorized into three groups: < 18.5, 18.5~24.9, and ≥ 25. The chronic disease status was categorized as either yes or no. Chronic diseases are defined when more than one of following diseases were present: hypertension, diabetes mellitus, hypercholesterolemia, myocardial infarction, angina pectoris and cancers such as stomach, liver, and breast.
Statistical analysis
Nutrients were represented as means and standard errors (SEs) of continuous variables. To determine the subject characteristics in the two groups (normal versus depressive disorder), we conducted descriptive statistics using the chi-square test for categorical variables and Student's t-test for continuous variables. All nutrients were categorized to the tertiles, and their association with depressive disorder was analyzed. Multivariate models were adjusted for sex, age, household income, educational level, physical activity, smoking status, alcohol consumption, menopause, stress level, sleep duration, BMI, chronic diseases, and total energy intake. To confirm whether any linear association between nutrient intakes and depressive disorder exists, the linear trend test was conducted by treating the median of each range in tertiles of nutrients as a continuous variable. In the multivariable surveylogistic regression analysis, age, sleep duration, and total energy intake were included as continuous variables. Due to the small number of case, further analysis based on gender was conducted. All analyses were performed using the SAS program (SAS 9.4, Institute, Cary, NC, USA).
Results
The characteristics of 2,938 study subjects divided into the normal group without depressive disorder and depressive disorder group (PHQ-9 score ≥ 10), were compared across categories (Table 1) . Participants, who had the depressive disorder, were likely to be female, to have lowest monthly income and a low educational level, to be non-drinker, to be stressed, to have a short duration of sleep, and to have low BMI. Table 2 and Table 3 showed nutrient intakes and nutrient density of subjects, respectively. With regard to nutrient intakes, the normal group had more sufficient nutrient intake than the depressive disorder group. Especially, intakes of carbohydrate, protein, fiber, calcium, phosphorus, iron, potassium, thiamin, riboflavin, niacin, and vitamin C, including energy intake, were significantly higher in the normal group than in the depressive disorder group (Table 2) . To compare with nutrient density of two groups, potassium, niacin, and vitamin C intakes were higher in the normal group than in the depressive disorder group (Table 3) .
Results of the surveylogistic regression analyses between nutrient intakes and depressive disorder are presented in Table 4 . We found inverse associations on riboflavin, BMI: body mass index 1) The depressive disorder is classified by 10 or more than 10 scores in PHQ-9 (Patient Health Questionnaire-9) 2) Proportion of each variable was tested using the chi-square test.
3)The drinkers excluding heavy drinker 4) Heavy drinker was defined as the average annual alcohol consumption per drinker per year 7 glasses or more of alcohol more once a week (5 glasses or more in women). 5) Chronic diseases involve hypertension, diabetes, hypercholesterolemia, myocardial infarction, angina pectoris and cancers of the stomach, liver, colorectal, breast, and lung. 1) The depressive disorder is classified by 10 or more than 10 scores in PHQ-9 (Patient Health Questionnaire-9). 2) Mean of each variable was tested using the Student's t-test. 3) mean ± standard error second and third tertiles of thiamin intake presented a statistically significant ORs of 0.48 (95% CI: 0.27-0.87), 0.48 (95% CI: 0.23-0.99), respectively, compared with the first tertile (p for trend = 0.045). The likelihood for depressive disorder in the second and third tertiles for vitamin C decreased to 0.53 and 0.57, respectively (p for trend = 0.025). In addition, the inverse association between riboflavin intake and depressive disorder still significantly remain after excluding subjects who were diagnosed with depression by physician's (data not shown).
Discussion
This study aimed to identify the association between nutrient intakes and depressive disorder in Korean adults aged 19~64 years. Riboflavin, thiamin, and vitamin C intake were inversely associated with depressive disorders. Previous studies reported that women were more likely than men to have depressive symptoms, 21, 22 which is similar to that observed in our study. Besides gender, low income and educational level were reported to have a significant relationship with the risk of depression. 23, 24 Stress and sleep disturbance could not be separated from a depressive disorder. It is clear that depression is associated with stress from the various situations. 25 One study found that older adults with depression had a higher risk of developing and worsening status of sleep disturbances using a meta-analysis, 26 and another study reported the relationship between major depression and sleep abnormalities in men aged 20~74 years. 20 Similar to these previous studies, the risk factors were likely higher in the depressive disorder group than a normal group in our study. Therefore, we adjusted these factors in the association of nutrient intake in relation to the prevalence of depressive disorder.
To date, one cross-sectional study and a cohort study reported a relationship between riboflavin intake (0.550
.93 mg/1,000 kcal) and depressive disorder in the Japanese population. 5, 6 In a cross-sectional study, an inverse association was found between riboflavin intake and depressive disorder only in girls 5 , and in a prospective cohort study, a J-shaped association between riboflavin intake and postpartum depressive disorder was reported in Japanese women. 6 Likewise, a study on the Chinese population also reported an inverse association between riboflavin (0.7~1.2 mg/d) and depressive disorder. 27 Coenzymes of riboflavin are required for remethylation and transsulfuration of homocysteine, 28 and previous studies reported about an inverse association between riboflavin status and homocysteine. 29, 30 Increased levels of homocysteine, arising from riboflavin deficiency, may play an important role in mediating the association between low riboflavin intake and the risk of depressive disorder. These results are likely to point an inverse relationship between riboflavin and depressive disorder, and our study supports similar results in Korean adults. However, recently a report revealed an inadequate riboflavin status in Korean adults, i.e., approximately 28% of the participants consumed less riboflavin than the Estimated Average Requirement. 31 In the present data, high thiamin intake was related to decreased odds of depressive disorder. A recent randomized controlled trial study found that symptoms of depression improved from 6 weeks after taking adjuvant thiamin (300 mg/d) compared to placebo. 9 A study in China found that lower concentrations of all three erythrocyte thiamine biomarkers (i.e., free thiamine, thiamine monophosphate, and thiamine diphosphate) were monotonically associated with a higher prevalence of depressive disorder in elderly people (age range 50~70 years). 10 A number of studies showed the effect of vitamin C on major depressive disorder. For example, a result of a cross-sectional study showed that low vitamin C intake (58.61 g/1,000 kcal) was associated with a risk of depressive symptoms in the Japanese population. 13 A recent randomized controlled trial with adjuvant administration of vitamin C (1,000 mg/d) may prove its use for the treatment of depressive disorder in pediatric patients. 12 Additionally, adjuvant administration of vitamin C may be effective in decreasing the risk of suicidal behaviors and thoughts associated with antidepressant therapy in pediatric patients. 32 The association between vitamin C and depressive disorder still seems unclear in an epidemiological study, however, mechanisms of depressive disorder linking to vitamin C have been reported. Vitamin C is associated with protecting the neuron against oxidative stress, alleviating inflammation, promoting neuronal development, regulating the neurotransmission, and controlling the epigenetic function; all of these processes are closely associated with psychiatry. 33 Beside the importance of vitamin C in the functioning of several processes in the central nervous system has been proven by an in vivo study results. 34 The strength of this study include the use of the national representative information called KNHANES and the analysis of nutrients and depressive disorder using PHQ-9; to our knowledge, this is the first study to assess the association between riboflavin, thiamin, and vitamin C intakes and PHQ-9 in representing Korean adults. This study had a few limitations as well. First, because of a cross-sectional design, a causal relationship between intakes of riboflavin, thiamin, and vitamin C intakes and depressive disorder was undetermined. Second, dietary nutrient intakes may not reflect body nutrient status and be affected by various factors including absorption, metabolic process, and excretion. Thus, further studies are necessary to verify our results using reliable biomarkers of nutrients. Third, although we analyzed after adjusting for diverse potential confounding factors, we could not exclude the potentiality of unmeasured or residual confounders.
Our study supported that dietary riboflavin, thiamin and vitamin C are associated with low prevalence of depressive disorder in Korean adults. Further studies are warranted to conclude whether this association also exists in a large cohort study design.
Summary
In this study, we examined the association between nutrient intakes and depressive disorder in Korean adults using 2014 KNHANES data. We defined depressive disorder as having ≥ 10 PHQ-9 score, which characterizes as moderate depression and more. Among the 2,938 subjects, 170 were identified as having depressive disorder. With regard to nutrient intakes, the normal group had more sufficient nutrient intake than the depressive disorder group. Especially, intakes of energy, carbohydrate, protein, fiber, calcium, phosphorus, iron, potassium, thiamin, riboflavin, niacin, and vitamin C were significantly higher in the normal group than that in the depressive disorder group. Multivariate-adjusted regression analysis demonstrated that the high intake of riboflavin, thiamin, and vitamin C were independently related to a low prevalence of depressive disorder in Korean adults. Based on our findings, riboflavin, thiamin, and vitamin C could be important nutrients to prevent depressive disorder in Korean adults.
